Stretchy nerves are an essential component of the extreme feeding mechanism of rorqual whales  by Vogl, A. Wayne et al.
Current Biology
Magazine
n = 8
n = 7
n = 2n = 5
150
100
50
0
Intercostal Phrenic VGB Tongue
Nerve type
Nerve
Nerve
Prey
VGB
VGB
N
er
ve
 
st
re
tc
h 
(%
)
VGB nerve
5 mm
500 µm
50 µm
50 µm
100 µm 200 µm
Tongue nerve
Unstretched
]
Nerve
  core
Wall Nerve core
Stretched
A
B C
D
E
F
Figure 1. Stretchy nerves in rorqual whales.
(A) Expansion of the ventral grooved blubber (VGB) during a fin whale lunge, illustrating changes 
in the dimensions of underlying nerves (yellow) that occur during the lunge. (B) Segment of a 
nerve of the tongue at its initial length prior to being stretched. (C) The nerve has been manually 
stretched until it abruptly stiffens and resists further extension, and is more than twice its initial 
length. (D) Percent strain (change in length/initial length x 100) values for manually stretched and 
then post-stretched nerves. For each group, data are shown with means and standard errors. 
Tongue and VGB nerves are much more extensible than intercostal and phrenic nerves (n = 
number of whales sampled). (E) General architecture of un-stretched tongue nerve. The nerves 
coursing to the VGB and tongue have relatively thick walls. Although the inner half of the wall is 
composed mainly of collagen, the outer half contains numerous large elastin fibers stained black 
(arrowhead on cross sections). Nerve fascicles in the cores of VGB and tongue nerves are highly 
folded (longitudinal section). (F) Longitudinal sections through the wall and nerve core of a VGB 
nerve fixed while un-stretched and stretched. Collagen bundles in the wall and nerve fascicles 
in the core of the nerve are dramatically folded when un-stretched and become longitudinally 
aligned when stretched. Arrowheads indicate elastin fibers. Arrows indicate that magnification 
bars refer both to upper and lower panels. Fin whale art by C. Buell. Stretchy nerves 
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Rorqual whales (Balaenopteridae) 
are among the largest vertebrates 
that have ever lived and include 
blue (Balaenoptera musculus) and 
fin (Balaenoptera physalus) whales. 
Rorquals differ from other baleen 
whales (Mysticeti) in possessing 
longitudinal furrows or grooves in the 
ventral skin that extend from the mouth 
to the umbilicus. This ventral grooved 
blubber directly relates to their 
intermittent lunge feeding strategy, 
which is unique among vertebrates 
and was potentially an evolutionary 
innovation that led to gigantism in 
this lineage [1]. This strategy involves 
the rorqual whale rapidly engulfing a 
huge volume of prey-laden water and 
then concentrating the prey by more 
slowly expelling the water through 
baleen plates (Figure 1A). The volume 
of water engulfed during a lunge can 
exceed the volume of the whale itself 
[2]. During engulfment, the whale 
accelerates, opens its jaw until it is 
almost perpendicular to the rostrum, 
and then the highly compliant floor 
of the oral cavity is inflated by the 
incoming water [3]. The floor of the 
oral cavity expands by inversion of the 
tongue and ballooning of the adjacent 
floor of the mouth into the cavum 
ventrale, an immense fascial pocket 
between the body wall and overlying 
blubber layer that reaches as far back 
as the umbilicus. The ventral grooved 
blubber in fin whales expands by an 
estimated 162% in the circumferential 
direction and 38% longitudinally [4]. In 
fin whales, multiple lunges can occur 
during a single dive, and the average 
time between lunges is just over 
CorrespondenceR360 Current Biology 25, R345–R361, May forty seconds [3]. Here, we show that 
nerves in the floor of the oral cavity of 
fin whales are highly extensible.
Although there are exceptions, 
particularly in invertebrates [5], nerves 4, 2015 ©2015 Elsevier Ltd All rights reservedin general are not very extensible. 
In fact, ‘nerve stretch injury’ is the 
most common type of nerve trauma 
in humans [6]. Stretch-related 
injuries result in pain, paralysis, 
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and in severe cases, avulsion of the 
nerve roots from the spinal cord. In 
mammalian model systems, alterations 
in nerve conduction properties can 
be detected at as low as 6–8% in 
situ strain [7–9], with more severe 
structural damage occurring at higher 
strains, and mechanical failure around 
29% [7,10]. The length changes that 
result in damage to and failure of 
these nerves are tiny compared to 
the changes in length of nerves of the 
tongue and ventral grooved blubber 
that must occur normally during lunge 
feeding in rorqual whales. 
Large nerves that supply the tongue 
and ventral grooved blubber in fin 
whales are like bungee cords. The 
nerves follow an essentially straight 
course through the tissue, but can 
more than double their length without 
hindering their return to resting 
length after extension (Figure 1B–D). 
These nerves extend readily at first 
but then stiffened abruptly at mean 
strains of 75% and 115% for ventral 
grooved blubber and tongue nerves, 
respectively. The ability of the tongue 
and ventral grooved blubber nerves 
to extend is dramatic compared to 
intercostal and phrenic nerves that 
extended much less (strains of 12% 
and 18%, respectively), despite their 
having the same width. Intercostal 
nerves occur between ribs and 
amongst tissues that normally would 
not be exposed to much strain. These 
nerves have a thin outer wall consisting 
almost entirely of collagen, and the 
nerve fiber bundles themselves at the 
core of the structure are all uniformly 
aligned parallel to the long axis of the 
nerve. Nerve fascicles in the phrenic 
nerves are similarly aligned. The 
phrenic nerves run between thoracic 
organs that may shift in position during 
breathing and diving; however, the 
longitudinal organization of densely 
packed collagen fibers in the thick 
walls of these nerves would function to 
prevent much extension. 
The morphological strategy used 
to enable length changes in nerves 
that supply the tongue and ventral 
grooved blubber in fin whales is simple 
yet elegant. The nerve fiber fascicles 
themselves are concentrated in a small 
core of the structure and are highly 
folded (Figure 1E). This nerve fascicle 
core is covered by a thin cylindrical sleeve of superficial epineurium that 
in turn is surrounded by a very thick 
external wall consisting of elastin and 
collagen. Large elastin fibers occur 
mainly in the outer half of the wall and 
are oriented parallel to the longitudinal 
axis of the nerve (Figure 1E). The 
collagen fibers occur throughout the 
wall and, although they are generally 
oriented parallel to the long axis of the 
nerve, are highly folded. We propose 
that during a lunge, when the tongue 
inverts and the oral cavity expands, 
the nerve fascicles in the core unfold 
(Figure 1F) and the elastin fibers 
stretch. The collagen bundles in the 
wall also unfold until they become taut 
and function as check ligaments to 
prevent overstretch. As the tongue and 
floor of the oral cavity return to their 
neutral position at the end of a lunge, 
the elastin fibers in the wall recoil and 
return the nerve to the resting state. 
This process in fin whales is supported 
by three key features: the individual 
nerve fibers do not appear to be 
stretched per se: rather, the fascicles 
simply unfold as the nerve as a whole 
undergoes an increase in length; 
bundles of collagen fibers in the thick 
wall, which also unfold during a lunge, 
become taut to prevent over-elongation 
that would likely result in stretch injury 
to nerve fibers in the core; and, the 
presence of large and numerous elastin 
fibers in the wall enables the nerves to 
recoil to their resting length at the end 
of a lunge, when the oral cavity returns 
to pre-lunge dimensions. 
Without highly extensible nerves 
the large deformations of tongue 
and ventral grooved blubber that 
are essential for efficient feeding in 
this group would not be possible. 
Thus, highly extensible nerves should 
be considered as one of the key 
morphological innovations in rorquals 
that enabled the evolution of these 
large whales.
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